HIS PAPER EXAMINES THE PROBLEM of selecting efficient ARPD solvents in order to prepare pipelines for petroleum product transport. Solvents are used to remove deposits from the inner surface of the pipeline. The article proposes an approach which outlines the key characteristics of the solvents tested (rate of ARPD dissolution, cleaning efficiency, critical saturation concentration, dissolving capacity). The parameters obtained help to calculate the volume of ARPD solvent and contact time necessary to completely remove deposits from the surfaces being treated.
limits: 3 -12% (mass) asphaltenes, 5 -20% (mass) resinous material and 20 -45% (mass) paraffins. Moreover, ARPD contains between 30% and 80% mass of solids, including products of metal corrosion and other impurities [6] [7] .
At the stage of preliminary research into the possibility of removing ARPD from the pipeline walls, to a standard adequate for petroleum products transport, the chemical composition of deposits was analysed in collaboration with experts from Baikov Institute of Metallurgy and Materials Science. The methods used included X-ray spectral analysis and X-ray diffraction phase analysis (see Figs 1-3, Table  1 ). Samples from sections of the TyumenYurgamysh oil trunk pipeline containing deposits were used for the research. X-ray spectral analysis revealed that the dominant inorganic components of ARPD were: iron carbonate (FeCO 3 ), iron oxide and hydroxide, and quartz (SiO 2 ).
According to data in the literature, the following types of ARPD can be distinguished depending on the concentration of asphaltenes (A), paraffins (P) and resins (R):
1) asphaltene type: P/(A+R) < 1;
2) paraffin type: P/(A+R) > 1;
3) mixed type: P/ (A+R) ≈ 1.
Asphaltenes are solid, brittle substances with high melting points. They are black in colour with molecular mass of 2000-3000, and are insoluble in aliphatic solvents but fairly easily dissolved in aromatic hydrocarbons.
Paraffins are a blend of saturated hydrocarbons consisting of normal alkanes C 16 -C 40 and isoparaffinic hydrocarbons C 30 -C 70 , and are solid at standard temperatures. They dissolve well in acyclic aliphatic solvents.
Resins contained in ARPD are thick, viscous substances of brown colour, with a molecular mass of 600-700. The basic structural units of resins are condensed ring systems, interconnected with aliphatic chains and consisting of aromatic, naphthene and heterocyclic rings with alkyl side chains. Resins are easily dissolved in various solvents, including aliphatic ones (Fig.4 ).
Cleaning methods
A comparative study of the common methods of ARPD removal from pipeline inner walls was conducted, to examine ways of preparing oil pipelines to transport petroleum products. The methods examined include:
• the mechanical pigging method, using various types of cleaning device. In this method, the pipeline pig (Fig.5) is launched into the pipeline and travels together with the oil flow, scraping the ARPD layer away from the internal surfaces of the pipe with its cleaning elements [8] [9] (Fig.5) . The build-ups removed from the walls in the pigging process are carried by the cleaning device to the pig receiving station. The disadvantages of this method include: restricted passage for pigs due to the geometric limitations of the pipeline; insufficient efficiency in cleaning compacted deposits or when build-up is deposited in hard-to-reach areas such as welding joints [10] .
• the cleaning method which utilises ARPD solvents based on inorganic compounds (acidand alkali-based solutions) [11] . Cleaning is performed by filling the pipeline section with the chosen solvent in order to remove ARPD. This method is not commonly applied due to the aggressive impact of inorganic chemical solvents on pipelines and other structural components (pumps, shut-off and control valves etc.) Another factor is the high volume of waste that needs to be disposed of and chemically active compounds to be neutralised.
• the cleaning method using organic solvents, which is performed by introducing the selected reagent into the pipeline and pushing it forward like a plug under pressure, for example from nitrogen units. ARPD removal is achieved by dissolving them in an organic reagent [12] [13] [14] . The presence of chemical compounds of various types in ARPD necessitates the use of composite solvents, which normally consist of:
• a hydrocarbon base composed of aromatic hydrocarbons that targets asphaltenes and resins in ARPD, and aliphatic hydrocarbons to target paraffins. In the hydrocarbon base, the ratio of aromatic to aliphatic hydrocarbons is calculated depending on the type of ARPD; • surfactants: they are injected to intensify the detergent and dispersive capacities of the composite reagent; • a polar component with high surface activity and an affinity to deposit components (for example, aliphatic alcohols).
The use of composite solvents guarantees a high level of ARPD removal from internal pipeline surfaces.
• Cleaning ARPD from the internal surfaces of oil pipelines using steam units [15] . This method is used to treat sections of process pipelines at oil pumping stations. Serious disadvantages of this method include the formation of water-in-oil emulsion, and it can only be used effectively on short lengths of pipeline. • Cleaning ARPD from the internal surfaces of oil pipelines by means of "ice pigging", in which a mixture of ice slurry, water and freezing point depressant (FPD) is pumped into the pipeline. This method is being considered abroad as an alternative method for cleaning pipelines where mechanical devices cannot be used [16] .
The results of this analysis showed that, when developing technical solutions for preparing oil pipelines for petroleum products transport, a complex method of removing ARPD from pipelines will be most appropriate. It will combine mechanical cleaning devices and solvents of organic type at linear sections of pipeline. For process pipelines and other components of oil pumping stations, steam cleaning and organic solvents can be effectively employed.
Methodological specifics for evaluating the efficiency of organic solvents
In order to evaluate solvent efficiency for a specific type of ARPD, reagents are laboratory tested in accordance with the programme and methodology for laboratory testing established at Transneft R&D Institute. Key criteria for evaluating the efficiency of ARPD solvents include [17] :
• dissolving capacity (dispersive properties); • critical saturation concentration; • dissolution rate;
• mass of ARPD remaining on the sample after solvent treatment; • solvent corrosiveness;
• evaluation of the effect on the quality of fuel to be transported via pipeline.
Before beginning work, the safety certificates were consulted in order to avoid any negative effects on personnel and the environment from the ARPD solvents under examination.
Solvent efficiency was evaluated by preparing an ARPD sample in advance. The samples of deposits collected from pipeline sections were thoroughly blended until a homogenous consistency was obtained.
In order to determine the dissolving capacity of solvent (R), ARPD weights with mass 2.5 ± 0.05 g (m w , g) are placed inside previously weighed metal baskets (m b , g) and weighed again (m bw , g). The baskets are then placed in beakers, and a sufficient volume of the tested solvent (V, cm 3 ) is added so that the basket is fully submerged (Fig.6 ). Baskets containing ARPD weights are exposed to the solvent for a fixed period of time. Next the test baskets with the remaining ARPD are removed from the solvent, and are air-dried at room temperature until they reach a constant value of mass (m br , g).
Testing was conducted at 0 o C and 20 o C to assess the efficiency of solvents at various temperatures (winter and summer seasons).
The dissolving capacity (R, g/cm³) can be calculated by formula 1:
where: The critical saturation concentration of the solvent (C, kg/m³) governs its ability to form concentrated solutions with ARPD.
The solvent was added to the flask containing ARPD weights until they were fully immersed, and left for 24 hours at 20 o C. Samples were collected from the solution obtained, and were placed in a weighing cup with previously attained constant weight (m c , kg). The weighing cup with the This criterion is taken into account when developing technical solutions to remove ARPD and oil residue from the internal surfaces of trunk oil pipelines in the PJSC Transneft system. This helps to calculate the volume of solvent needed to efficiently remove ARPD from the inner surface of a pipeline, and to monitor solvent performance in the cleaning process [18] .
The ARPD dissolution rate from the surface of the pipeline section sample is calculated as an estimate of the average time of ARPD removal from sample sections. This parameter is estimated as follows: a pre-weighed sample of pipeline section contaminated by ARPD is placed into a container, with the contaminated side facing upwards. The container is then filled with tested solvent until the pipeline section is fully immersed in the solvent. Testing is performed in dynamic conditions, whereby the container with the pipeline sample immersed in solvent is placed on a rotating shaker with a five-minute exposure time. Once removed from the solvent, the sample is air-dried and weighed. The test time is taken as the time period within which the sample attains constant mass. Any change in the mass of the sample over the test time is assessed. In testing, pipeline samples with girth welds and those without were used, in order to measure the dissolution rate of ARPD built up on straight sections of pipeline, and in areas where hard-to-remove deposits tend to form [6] . Figures 7 and 8 present representative results of ARPD solvent tests.
Tests are conducted to calculate the contact time necessary for the reagent to entirely remove ARPD from the pipeline walls.
The loss of deposit mass in the sample of pipeline section with no weld joint occurs more rapidly compared to the pipe sample with a weld joint, when they are treated with tested solvent. This seems to be due to the presence of hard-to-remove deposits on the surfaces of the latter (Fig.9) .
To calculate the mass of ARPD remaining after solvent treatment (R, g), and to assess the efficiency of solvent cleaning for a sample of pipeline section, a pre-weighed testing sample with its dissolution rate already calculated is placed in toluene and heated for one hour (Fig.10) . The calculation can then be made based on the difference between the mass of the sample after solvent cleaning, and the mass of the sample after toluene treatment.
The corrosive properties of solvents (K, mm/year) were examined using gravimetric analysis. This involves calculating the loss of mass in the metal samples over the period of exposure to the tested solvent. The samples are small sheets made of steel 3 according to GOST 380-2005. Tests are run for three full days, after which the changes in the mass of the metal sheet are assessed (Fig.11) . The changes indicate the extent of corrosiveness of the solvent in relation to pipeline structural materials.
After cleaning treatment, some solvent residue may remain in sections of linear pipeline or of process pipelines. Contact with the remaining solvent is likely to alter the quality of petroleum products. To investigate any alteration to petroleum product quality caused by mixing with solvents, changes in qualitative characteristics should be analysed when 1% (of the volume) of the tested solvent is added to the product which is transported in the pipeline. A scoring system was applied to compare the performance of ARPD solvents, with the number of points available from 1.0 to 10.0, and with an increment of 0.1 for each characteristic evaluated. The highest score corresponds to the most efficient characteristics.
After laboratory testing, the points given to each evaluated characteristic (excluding corrosiveness) were totalled. The solvent that scored the highest number of points was taken to be the most efficient (Fig.12) .
The data obtained about the corrosiveness of solvents can be used to refine cleaning technologies, in particular for determining the time limit for contact between the solvent and the pipeline structural materials, and the necessity of using additional anti-corrosion products.
Accordingly, the efficiency of the solvents being tested can be expressed by the formula:
where:
R is the dissolving capacity; C is the critical saturation concentration; V is the ARPD dissolution rate; O is the mass of ARPD remaining after solvent treatment; K is the corrosiveness.
The results of the study concerning to converting oil pipelines for diesel transport revealed that the diesel quality indicators which are most likely to change when 1% of organic solvent is added are: the mass fraction of sulphur and closed-cup flash point.
Conclusion
The results of the study demonstrate the importance of a complex approach when selecting efficient ARPD solvents in order to convert oil pipelines for the transportation of light petroleum products. This approach takes into account cleaning efficiency, pig velocity, the volume of solvent required, and the solvents' environmental properties. This methodology has been applied successfully to develop technical solutions for preparing for petroleum product transport in pipelines: Tyumen-Yurgamysh, Kirishi-Primorsk, Yaroslavl-Kirishi and others, as well as for converting pumping stations Tyumen-3, Zalesie, Stepankovo-1 and other for transporting light petroleum products.
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